INTRODUCTION
============

Lower extremity injury is common in athletic events. Athletes often experience over-use injuries which may include stress fractures, tendonitis and patellofemoral syndrome ([@b4-ijes_02_03_186]--[@b5-ijes_02_03_186], [@b7-ijes_02_03_186], [@b20-ijes_02_03_186]). These over-use injuries are caused by repetitive stress on the structures of the lower extremity ([@b12-ijes_02_03_186]--[@b15-ijes_02_03_186]) and the risk of over-use injuries in an athlete is increased by poor lower extremity biomechanics during athletic movements ([@b2-ijes_02_03_186], [@b4-ijes_02_03_186]--[@b5-ijes_02_03_186], [@b12-ijes_02_03_186]). The structure and function of the foot and ankle in shock attenuation has been shown to be a possible mechanism of injury for the lower extremity in repetitive loading tasks ([@b4-ijes_02_03_186]--[@b5-ijes_02_03_186], [@b17-ijes_02_03_186]). Specifically, hyper-pronation has been shown to create asynchrony between peak pronation and knee flexion ([@b1-ijes_02_03_186], [@b17-ijes_02_03_186]). Another mechanism of injury in repetitive loading tasks includes increased lower extremity stiffness which functionally reduces shock attenuation ([@b8-ijes_02_03_186]--[@b9-ijes_02_03_186], [@b18-ijes_02_03_186], [@b21-ijes_02_03_186]).

A common intervention for both hyper-pronation and increased loading of the lower extremity is the use of shoe insoles and orthotics. The efficacy of shoe insoles and orthotics has yet to be established ([@b3-ijes_02_03_186], [@b6-ijes_02_03_186], [@b10-ijes_02_03_186]--[@b11-ijes_02_03_186], [@b16-ijes_02_03_186], [@b19-ijes_02_03_186], [@b22-ijes_02_03_186]). A plethora of insole and orthotic technology has been developed to aid the injury-prone runner. Many over-the-counter insoles are available for a variety of ailments and are often used by recreational runners after injury. A novel use of NASA technology includes the use of Tempur material in mattresses. This material has been shown to absorb impact and mold to the shape of containers. The author is unaware of research investigating the effectiveness of tempur material in shock attenuation as an insole. Therefore, the purpose of this study was to determine the efficacy of two types of insoles in altering loading rate during a running task. As the material properties of the insoles and their effectiveness in attenuating ground reaction forces was being examined, no posting was present in either type of insole. It was hypothesized that no differences would be observed between the insole conditions.

METHOD
======

Participants
------------

Five males (age: 20.4 ± 2.4 years, body mass: 57.42 ± 4.87 kg, height: 1.6 ± 0.04 m) and seven females (age: 19.9 ± 1.3 years, body mass: 61.0 ± 12.2 kg, height: 1.7 ± 0.06 m) participated in the current study. Students were recruited from the campus of the University of Texas of the Permian Basin and the local Midland-Odessa area via word of mouth. All participants completed a medical history form and were apparently healthy at the time of data collection. Participants in this study had not experienced injury to the lower extremity within the previous 6 months. All participants read and signed an informed consent approved by the institutional review board prior to participation in the study.

Instrumentation and Equipment
-----------------------------

A force plate (1440 Hz, OR-6, AMTI, Watertown, MA, USA) was used to collect ground reaction forces. Movement conditions were determined by insole type and included: no insole (NORM), an over-the-counter insole (OTC) and a custom-made Tempur-pedic insole (TEMPUR). Subjects performed all trials in their personal shoes.

Testing Protocol
----------------

Standard anthropometric data were acquired including height, mass and age. Participants performed seven trials in each of three insole conditions: no insoles (NORM), over-the-counter insoles (OTC) and Tempur-pedic insoles (TEMPUR). A successful trial was described as the subject running across a 10 meter section of the lab in which the entirety of the foot contacted the force plate during the stance phase of the running gait. Subjects performed all trials at a self-selected pace and were not instructed in running style.

Data Reduction
--------------

The ground reaction force data were filtered using a low-pass filter with a cut-off frequency of 50Hz. Visual 3D (C-Motion, Inc., Rockville, MD, USA) was used to determine critical events including loading peak, time to loading peak and loading rate. Loading rate was defined as the quotient of the loading peak and time to loading peak.

Statistical Analysis
--------------------

A 2×3 (gender x insole) repeated measures analysis of variance was used to identify statistically significant differences between genders and between insole conditions. Alpha level was set at p\<0.05.

RESULTS
=======

Data from three subjects (2 female and 1 male) were removed from the analysis as their running mechanics did not produce an initial loading peak decreasing the population to 9 participants.

No gender differences were present in vertical ground reaction force parameters. The addition of insoles did not produce statistically significant changes in vertical ground reaction forces (p=0.439, [Figure 1](#f1-ijes_02_03_186){ref-type="fig"}), time to peak vertical ground reaction forces (p=0.368, [Figure 1](#f1-ijes_02_03_186){ref-type="fig"}) or loading rates (p=0.520, [Figure 2](#f2-ijes_02_03_186){ref-type="fig"}). No gender or insole effects were observed in peak medio-lateral (gender: p=0.193, insole: p=0.719) or antero-posterior ground reaction forces (gender: p=0.202, insole: p=0.660) during running.

DISCUSSION
==========

The purpose of the current study was to examine the effects of the addition of two types of insoles on ground reaction force variables. The specific aim of the current project was to determine if the TEMPUR insoles aided in shock attenuation more than a standard over-the-counter insole. These data support the hypothesis that no differences exist between the two investigated insoles. The current data demonstrate that the addition of insoles did not reduce vertical loading rate or peak vertical ground reaction forces. It was expected that the TEMPUR insoles would aid in absorbing impact during loading response by extending the time to peak ground reaction force yielding decreased loading rates via the impulse-momentum relationship. However, the TEMPUR insoles did not reduce vertical ground reaction forces or time to peak vertical ground reaction force.

Though no statistical differences were observed, a visual trend of decreased loading rate was present with the addition of the OTC insole. The OTC insoles were designed and created with the intent of improving shoe comfort through shock attenuation using multiple densities of foam, though the TEMPUR insoles were custom-made by hand from a single layer of tempur material. The quality of the OTC insoles was much better, as would be expected from a marketed product. The differences in loading rates observed in the OTC insole condition were not statistically different from the TEMPUR insole or from the NORM condition, suggesting that these insoles did not produce a substantial change in loading rate. The sample size for the present study was small and a greater sample size may have lead to statistically significant differences between insole conditions. However, if these differences were statistically significant, they would likely not be substantial differences preventing injury to the lower extremity. It is possible that a marketed TEMPUR insole using a different density or multiple densities of TEMPUR material could provide advantages over currently marketed OTC insoles, however, our data provides evidence that this is unlikely.

While no differences were observed in the discrete data, subject feedback from participants strongly suggested that the TEMPUR insole was the more popular insole tested. The current data do not support the notion that the TEMPUR insoles were mechanically different from the OTC or NORM condition. Despite no mechanical advantages to the TEMPUR insoles, they may create unique afferent input to the central nervous system and the benefits of a TEMPUR insole may not be kinetic in nature. Future research may focus on the kinematic assessment of running with these specific insole types. An investigation into the muscle activation patterns may also provide greater insight into the subjective preference of the TEMPUR insoles.
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